Significantly, however, with regard to vaccine formulation the selection of the proper temporally regulated promoter element may be more critical than the actual level of protein expression.
B)
The genetic engineering of the virus to construct an attenuated vector has been carried out in several ways with overall significant success.
i) In order to genetically stabilize, i.e. to free the genome thus rendering it less susceptible to mutations, we looked for and investigated the genetic functions responsible for recombination. A genetic analysis of temperature sensitive mutants was performed to determine the genes involved in recombination. An unexpected finding was that the vaccinia virus DNA polymerase was involved in recombination at a level other than DNA synthesis and replication. This fact obviously complicates manipulation of the vaccinia virus recombination functions since the DNA polymerase is an essential viral gene.
ii) A DNA ligase function with obvious implications in recombination was identified. It was shown to be an early protein. Genetic manipulation revealed that it was not an essential gene for the virus. This unexpected result reveals an unprecedented complexity in the recombinational machinery of poxviruses.
iii) A number of regulatory genes responsible for host cell restriction of growth in tissue culture were identified and manipulated. These genes specifying viral replication in tissue culture cells of human, porcine and rabbit cells were described. Manipulation -3-of these genes, for example differential deletion analysis, revealed that attenuation of the virus could be affected without significantly diminishing the ability of the virus to act as a vector for vaccination purposes.
Manipulation of the host range genes also provided for the cloning and expression of foreign genes in vaccinia virus vectors that greatly simplified and accelerated the construction and analysis of vaccinia recombinants. Significantly, such an analysis has allowed us to manipulate (genetically) vaccinia virus such that it is now susceptible to antiviral intervention via conventional, well defined and therapeutically acceptable methods.
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